Abstract
In 2004, two employees in a skilled nursing facility developed active pulmonary tuberculosis (TB). Both employees were purified protein derivative (PPD) test positive for more than 10 years before developing the disease. Four employees converted to positive PPD status during the exposure investigation-two at baseline and two at the 12-week follow up. No additional cases of active TB were found. Several changes and additions have been made to the TB screening protocol after these two index cases were discovered.
A:
a 239-bed health care facility with a 132-bed skilled nursing facility, two employees developed ctive pulmonary tuberculosis (TB) in 2004. Both employees worked primarily in the skilled nursing facility where all patients are screened for TB on admission, and those with active pulmonary TB are not admitted. The Sidebar describes these two case examples.
A high percentage of individuals employed in the ClinicalEvaluation andQuestionnaire skilled nursing facility are foreign-born, primarily from J If new employees have a positive reaction, they must Mexico and the Philippines. Most have positive TB skin undergo clinical evaluation and complete a TB symptom tests identified during pre-placement physical examina-questionnaire. In the questionnaire, employees are asked tions. Immigration into the United States has increased to report if they experienced any of the following symptoms in the past 12 months: • Night sweats.
• Unexplained weight loss. . • Fever (more than 1 week in duration). • Chronic cough (more than 2 weeks in duration). She began working atthe health care facility in 1997, and her chest x-ray was normal atthat time. Annual TB clinical evaluation and symptom questionnaires were also completely normal until October 2003, when she complained of chronic fatigue. This symptom was attributed to her busy work and school schedule, as well as her duties as a single parent. She reported no cough, hemoptysis, fever, night sweats, or unintended weight loss. She reported weighing 105 or 106 pounds until 2002. In 2003, her reported weight was 100 pounds, but she said there was no unintended weight loss. A chest x-ray was not ordered in 2002 or 2003.
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InFebruary 2004, she sought care from her primary care provider, who ordered achest x-ray that showed opacities inthe left upper lobe. Sputum smears and cultures were positive forTB. Adiagnosis of pulmonary TB was established and she was treated while under home isolation for 1 month. She was then able to return to work. Employee NO.2 Employee No.2, a65-year-old male certified nursing assistant, worked inthe skilled nursing facility on the night shift. He had emigrated from the Philippines in 1989. Atthat time, aTB skin test was performed and showed 20 mm induration. He was employed atthe health care facility in 1993. A review of his employee health records revealed that he consistently reported no symptoms on the TB symptom questionnaire. However, his reported weight had decreased from 162 pounds in 2001 to 154 pounds in 2003. Nevertheless, similar to Employee No.1, he reported no unintended weight loss. Achest x-ray performed inAugust 1993 showed no changes indicative ofTB. Another chest x-ray, obtained in the emergency department in February 1995, showed no significant changes.
In December 2003, Employee NO.2 complained ofweakness and fatigue to his primary care provider. He reported aworsening chronic cough despite stopping smoking 2 months prior. Achest x-ray performed atthat time showed bilateral upper lobe infiltrates with cavitary lesions and a right pleural effusion. Sputum smears and cultures were ordered, which showed 4+ acidfast bacilli. Because of his chronic cough, his potential fortransmission of infectious organisms was significant. Employee No. 2 was admitted to the hospital under respiratory isolation and placed on athree-drug therapy. He has subsequently recovered without sequelae and decided to retire.
Summary
Both ofthese employees had complied with the annual employee TB screening program. It is noteworthy that although both reported no unintended weight loss, Employee NO.1 had lost 5 pounds and Employee NO.2 had lost 8 pounds.
• Chronic fatigue (more than 2 weeks in duration). • Coughing up sputum (every day for 1 week or more).
CheslX-Ray
A single anterior-posterior view chest x-ray is also obtained. The chest x-ray is deferred if the employee can provide proof of a normal chest x-ray within the previous year.
If the x-ray suggests any evidence of active TB, employees must be "cleared" by their primary care providers or the county health department before starting employment.
Isoniazid Prophylaxis
New employees with positive PPDs are referred to their primary care providers or the county health department for clinical evaluation and consideration of isoniazid (INH) prophylaxis. INH for 6 to 12 months has been the standard treatment regimen for individuals with newly positive PPDs ("Targeted Tuberculin Testing," 2000). However, INH prophylaxis is not a requirement for employment among staff who are PPD positive at the health care facility.
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Annual Evaluations
Annual health evaluations are required for all employees at the health care facility. Employees with previous negative TB screenings have a PPD read 48 to 72 hours after administration. Employees with a history of positive PPDs must complete a TB symptom questionnaire. If all the symptom questions are answered No, the chest x-ray is deferred. If there are any Yes answers, the employee is clinically evaluated and, if appropriate, a single view chest x-ray is obtained. ,
ACTION AFTER POSSIBLE EXPOSURE
As soon as the two cases of TB infection were identified through the screening at this facility, several actions were taken.
Nolifying the Public
Because active TB infection is a reportable disease, the county public health department was notified. At the health care facility, the directors and supervisors of the involved departments were to immediately notify all em-ployees, volunteers, and patients who might have been exposed to Employee No. I or Employee No.2.
Several educational presentations were conducted by both the employee health and infection control departments. A press release was created to alert the local media 5 days after the diagnosis of the second active TB case. Reporters from newspapers and television were invited to meetings at the hospital and were offered personal interviews with the investigating clinicians.
Letters were sent to approximately 400 individuals who had been inpatients at the skilled nursing facility during the exposure period, including all patients who could have had contact with either employee starting 2 months before the diagnosis was established. Patients were encouraged to be tested for TB by their primary care providers, or the county health department. All current patients in the skilled nursing facility were tested.
Baseline Exposure Screening
Based on the lists of names provided by the managers of the involved departments, a TB contact investigation was immediately implemented for all of the potentially exposed employees and volunteers. The initial screening process began in February 2004. The contact investigation was expanded in March when Employee No.2 was diagnosed with TB. These two investigations were combined into one because many of the staff had potential contact with both employees. A total of 157 employees and volunteers were identified for screening. All were required to undergo clinical evaluation and complete the TB symptom questionnaire. All were weighed; self-reported weights were not accepted. The clinicians carefully reviewed each questionnaire to be sure the questions on the TB symptom questionnaire were understood.
Of the 157 potential contacts, 66 had PPDs administered; the other 91 had positive PPDs in the past. Two of the 66 PPDs were read as new reactors, or "converters." Per Centers for Disease Control and Prevention guidelines, a positive PPO reaction is defined as a 5 mm or greater induration for all individuals in potential contact with an active case of TB ("Guidelines for Preventing," 1994). This represents a 3.0% rate of PPO conversion.
It was not possible to establish a cause and effect relationship between the two employees with TB skin test conversions and exposure to either of the employees with active TB. Neither of the employees who converted had close contact with the index cases. Both had normal chest x-rays and reported no symptoms. The two employees were referred to their primary care providers for further evaluation. One of them began INH prophylaxis.
Ninety-one of the 157 individuals screened were already PPD positive. Chest x-rays were obtained; 10 were abnormal, showing old changes. Follow-up evaluation of these abnormal x-rays did not reveal any findings consistent with active TB. Nevertheless, all of the individuals with abnormal chest x-rays were given letters advising them to discuss these results with their primary care providers or the county health department.
Of the 157 employees and volunteers who completed the TB symptom questionnaire, 14 reported having symptoms that could be associated with TB, including chronic cough and night sweats. Of this group of 14, 8 were PPO positive and 6 were PPO negative. After they were clinically screened and found to have normal chest x-rays, they were referred to their primary care providers or the county public health department for additional evaluation.
12Week Follow-Up Screening
In July 2004, a 12-week follow-up screening began. Of the original 157 employees and volunteers screened, 151 were available for the 12-week follow-up screening. The other 6 employees had left the area or had otherwise been lost to follow-up evaluation. Several unsuccessful attempts were made to contact them.
All 151 potential contacts were clinically screened and completed the TB symptom questionnaire. A repeat chest x-ray was required for only 4 employees-2 because they had converted and 2 because they had continuing signs and symptoms possibly associated with TB disease. None of these chest x-rays showed active TB disease.
Fifty-nine PPOs were administered and read. Two additional employees had converted at the 12-week follow-up screening, a 3.4% conversion rate. Both had normal chest x-rays and no symptoms. Again, no direct epidemiological relationship was established connecting them to the index cases. Neither employee started INH prophylaxis. As previously noted, INH prophylaxis is recommended, but it is not a requirement for employment at the health care facility. To date, no additional employees with active TB disease have been discovered in this population. No evidence exists that any other volunteer, patient, or employee has developed active TB disease.
T8 TESTS

The Conversion Rate and Mantoux TB Testing
PPO conversion rates were 3.0% at the initial baseline screening, and 3.4% at the 12-week follow up. Although this may be related to exposure to one of the infected employees, no clear epidemiological evidence supports such a connection. Close questioning of the converters did not reveal any significant contact with the employees diagnosed with active TB. In addition, several of the employees who converted stated that their previous PPD tests had similar reactions but had been interpreted as negative. These employees were deemed to be reliable historians.
In this regard, the Mantoux test, although still the gold standard for the diagnosis of TB infection, can be difficult to administer and interpret. A previous study reported that 93% of a group of 107 health. care professionals underread the induration of a known TB converter (Kendig et al., 1998 ).An editorial by Jones and Schaffner (2001) referred to the Mantoux TB test as "...a suboptimal diagnostic test developed more than I00 years ago and improved upon minimally in the subsequent century" (p. 479).
QuantiFERON Test
Another method of testing for 1'B exposure has been described in the literature. (Mazurek & Villarino, 2003) . This test requires phlebotomy but can be accomplished in a single visit. This screening test can improve compliance because the employee does not need to return in 48 to 72 hours for a skin reading. It also eliminates reader error. Limitations of the test include the need to draw and process the blood sample within 12 hours after collection, and laboratory and clinical experience with the assay (Mazurek & Villarino, 2003) . The health care facility laboratory is currently evaluating the possibility of instituting QFT testing. Currently, no other health care facility in the same geographical area is known to be using this test.
CHANGES IN T8 SCREENING PRACTICES
As a direct result of these exposures, the following changes have been instituted in the TB screening protocol at the health care facility: • The TB symptom questionnaire has been rewritten and expanded (Figure) . All employees must complete 488 this form as part of their annual evaluations, regardless of PPD status. • Any positive response to the TB symptom questionnaire must be aggressively pursued. • Body weight is measured and recorded on all screenings, and compared with previous weights. • Any questionable findings are referred to the occupational physician.
• Return-to-work evaluations after employees have missed 3 or more days of work are strictly enforced. • All employees with previously positive PPDs are educated about the signs and symptoms of active TB and instructed to immediately seek health care and alert the Employee Health office. • Employees with abnormal chest x-rays or symptoms consistent with TB are referred for further clinical evaluation including sputum smears and cultures. These employees may return to work only after being cleared by a health care provider. • The PPD conversion rate among employees is closely monitored.
• Patient intake at the skilled nursing facility is reviewed to assure they are all adequately screened for TB.
CONCLUSION
The Employee Health TB surveillance system was revised after 2004 when two employees developed active TB. Every employee is screened annually, including PPD testing and careful clinical review of the TB symptom questionnaire. Employee education related to the signs and symptoms of TB has been expanded. All suspicious findings identified during the TB screening are aggressively evaluated. Finally, the health care facility supervisors are considering the implementation of the QFf in the laboratory.
